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INTRODUCTION
Chlorophyll a is  the preva lent l ig h t - c o l le c t in g  pigment in  
eukaryo tic , photosynthetic organisms. Several d if fe re n t  
ch lo rop h y lls  e x is t in  nature, but a l l  au to troph ic  p lan ts  contain 
ch lo rophy ll a (Bogorad, 1976). The m a jo rity  o f these ch lo rophy ll 
a molecules func tion  to  absorb l ig h t  and channel the e x c ita tio n  
energy to  photochemical s ite s  in  reaction  centers. C hlorophylls 
b, c , d, and e, carotenoid pigments and p h yco b ilip ro te in s  are 
organized in to  antenna systems which absorb l ig h t  maximally a t 
d if fe re n t  wavelengths. This design perm its the v is ib le  l ig h t  
spectrum to  be e xp lo ited  (Foyer, 1984) fo r  energy by d if fe re n t  
photosynthetic organisms. Chlorophyll b is  present in  h igher 
p la n ts , Chlorophyta, Prasinophyceae, and Euglenophyta; ch lo rophy ll 
c is  found in  some members o f Cryptophyceae, Dinophyceae, 
Rhaphidophyceae, Chrysophyceae, Haptophyceae, B acilla riophyceae, 
Xanthophyceae, and Phaeophyceae; ch lo rophy ll d is  found in  some 
Florideophyceae in  the Rhodophyta; and ch lo rophy ll e has been 
found in  fe ra l populations o f two members o f Xanthophyceae. 
Chlorophyll e is  believed to  be a breakdown product o f ch lo rophy ll 
c (Meeks, 1974). A dd itiona l forms o f c h lo ro p h y ll, the 
b a c te rio ch lo ro p h y lls , are found in  bacte ria  other than the 
cyanobacteria (H o lt, 1965).
The b iosynthesis o f ch lo rophy ll is  a complex process and only
a f te r  years o f probing have the s truc tu res  o f in term ediates been
14id e n t if ie d .  The a v a i la b i l i t y  o f the C isotope and the
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in trod u c tio n  o f chromatographic techniques in  the 1940's  were
instrum ental in  e lu c id a tio n  o f the pathway. Much o f the
in form ation  co lle c te d  has been from experiments conducted using
animal tissues or enzymes, w ith  the assumption th a t the
b io syn the tic  pathway to  the heme molecule is  id e n tic a l in  p lants
14and animals. Early tra c e r experiments using C concluded th a t 
the a-carbon and n itrogen o f g ly c in e , and the c i t r i c  acid cycle 
in term ediate succinyl coenzyme A jo in  to  form the f iv e  carbon 
molecule 6 -am ino levu lin ic  acid (ALA). Two ALA molecules condense 
to  form the precursor p y rro le  porphobilinogen (PBG). Four PBG 
molecules are jo in ed  by sequential h e a d -to -ta il add ition  to  form 
uroporphyrinogen I (Urogen I ) ,  a c y c lic  te tra p y rro le . Urogen I 
side chains are m odified by decarboxylation o f the acetate side 
chains and o x id a tive  decarboxylation o f two s p e c if ic  prop ion ic 
side chains, re s u lt in g  in  form ation o f a molecule o f  
protoporphyrinogen IX (Protogen IX ), in to  which magnesium ions are 
incorporated. Further a lte ra t io n s  o f side chains re s u ltin g  in  
form ation o f the ch lo rop h y ll molecule include e s te r if ic a t io n s ,  
reductions, form ation o f a cyclopentanone r in g , and reduction o f 
one py rro le  r in g  (Bogorad, 1976).
Chlorophyll a and b d i f f e r  only a t the th ird  carbon on the 
second r in g  where the methyl group o f ch lo rophy ll a is  replaced by 
an aldehyde group in  ch lo rophy ll b. The syn the tic  pathway o f 
ch lo rophy ll b remains a mystery, although four possib le pathways 
have been suggested by in v e s tig a to rs  (Jones, 1968):
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1. Each pigment is  formed by a separate pathway.
2. Chlorophyll a is  synthesized from prev ious ly  
produced ch lo rophy ll b.
3. Both pigments are formed from the same 
precursor molecule in  the same pathway*
4. Chlorophyll b is  synthesized from prev ious ly  
produced ch lo rophy ll a.
The f i r s t  two o f these p o s s ib i l i t ie s  are improbable and are not 
given serious considera tion  by in ve s tig a to rs . A t present there is  
no evidence th a t two separate b iosyn the tic  pathways e x is t fo r  the 
b iosynthesis o f ch lo rophy ll a and b. I t  is  not probable th a t 
ch lo roph y ll a is  synthesized from ch lo rophy ll b since many p lan ts  
contain only ch lo rophy ll a and no ch lo rophy ll b is  present from 
which to  synthesize ch lo rophy ll a. I t  is  possib le  th a t 
ch lo ro p h y lls  a and b have a common precursor; although th a t branch 
p o in t could l i e  anywhere from g lyc ine  to  chlorophyl 1ide a. In 
h igher p la n ts , i t  seems most probable th a t ch lo rophy ll b is  formed 
from p rev ious ly  present ch lo rophy ll a by ox ida tion  o f the methyl 
group. The actual mechanism is  unknown, however i t  is  believed to 
be s im ila r  to  the ox ida tion  o f methyl groups as i t  occurs in  
s te ro l b iosyn thes is . I t  has been suggested th a t ch lo rophy l1ide a 
(a ch lo rop h y ll precursor lack ing  the phytyl group) is  converted to  
ch lo rophy l1ide b by ox ida tion  o f the methyl group, which in  tu rn  
is  converted in to  ch lo rophy ll b by a dd ition  o f phytol (Shylk, 
1971). However, ch io rophy l1ide b has been iso la te d  in  only one
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system. In Chlamydomonas re in h a rd t ii y -1 , a mutant s tra in  th a t 
requ ires l ig h t  fo r  ch lo rophy ll syn thesis , 1,7-phenanthro line 
stim u la ted the conversion o f p ro to ch lo ro p h y llid e  to  ch lo ro p h y llide  
b in  c e lls  th a t were kept in  the dark. Bednarik and Hoober (1985) 
suggested th a t ch lo ro p h y llid e  a, when present a t threshold le v e ls , 
acts as a p o s itiv e  e ffe c to r  fo r  conversion o f p ro to ch io ro ph y llid e  
d ire c t ly  in to  ch lo ro p h y llid e  b. Since synthesis o f ch lo ro p h y llid e  
b occurred in  the dark and the presence o f l ig h t  caused synthesis 
o f ch lo ro p h y llid e  a, ch lo ro p h y llid e  a is  not seen as an 
in te rm ed ia te .
Organisms th a t contain both ch lo rop h y lls  a and b usua lly  
conta in a much higher amount o f ch lo rophy ll a. The proportion  o f 
ch lo rophy ll a and b is  represented as an a:b ra t io ;  the 
ch lo rophy ll a:b ra t io  genera lly  ranges from 2.1 to  3.1 in  higher 
p lan ts  and freshwater green algae (Meeks, 1974). Marine 
macrophyte a:b ra tio s  have been reported to  be s ig n if ic a n t ly  
lower, ranging from 1.3 to  2 .2 . Wood (1979) reported a:b ra tio s  
fo r  27 species o f Prasinophyceae and Chlorophyceae. More than 60% 
o f the a:b ra tio s  were less than 2 .0 . I t  has been suggested th a t 
low a:b ra tio s  are a common trend in  a l l  ch lo rophy ll b -conta in ing 
marine algae (Nakamura, e t ^ l_ . , 1976). One Prasinophyte, 
Platymonas s t ip i ta ta  Rey 2 has been reported to  contain 55% o f i t s  
to ta l ch lo rophy ll (a+b) as ch lo rophy ll b (Hayhome, e t al_., 1979).
The Prasinophyceae are a group o f s in g le -c e lle d  algae w ith  a 
varied taxonomic h is to ry . However, most in ve s tig a to rs  place them 
in  a separate class in  the d iv is io n  Chlorophyta (N o rr is , 1980).
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The ir c h a ra c te r is t ic s  have led  some in ve s tig a to rs  to  suggest th a t 
a p r im it iv e  scaly green f la g e lla te  belonging to  th is  class may be 
ancestral to  three major lin e s  o f e vo lu tio n , the Chlorophyceae, 
Charophyceae, and Ulvaphyceae (N o rr is , 1980). Prasinophytes are 
f la g e lla te d , scale-covered c e lls  th a t lack c e llu lo s e . The 
heart-shaped c e lls  usua lly  have fou r f la g e lla  th a t a rise  from an 
a n te r io r  p i t  and are covered w ith  three layers o f scales. 
Platymonas and Prasinocladus c e lls  are surrounded by a theca th a t 
is  made from a polysaccharide conta in ing galactose and uronic acid 
subunits, o the r species may be scale-covered (Lee, 1980). Seen 
w ith  a l ig h t  microscope, the c e lls  contain a s in g le  bowl-shaped 
ch lo ro p la s t where thy lako ids  are stacked in  lam ellae in  groups 
from two to  f iv e .  This arrangement is  seen in  o ther members o f 
the Chlorophyta, u n like  h igher p lan ts  which have lam ellae stacked 
in to  grana. Prasinophyte c e lls  have one nucleus near the 
f la g e l la r  base, an eyespot and pyrenoid located w ith in  the 
ch lo ro p la s t, and starch granules. Unlike other green algae th a t 
store so lub le  photosynthates as sucrose, fru c to se , g lycero l or 
glucose, the p r in c ip le  storage product in  the Prasinophyceae is  
mannitol (N o rr is , 1980).
The purposes o f my research were to  extend the study o f 
ch lo rophy ll a:b ra tio s  to  prev iously  uncharacterized prasinophytes 
and to  examine the e ffe c ts  o f ce rta in  ch lo rophy ll b iosynthesis 
in h ib ito rs  on one is o la te  o f p a r t ic u la r  in te re s t-  Platymonas 
s t ip i ta ta  Rey 2. Previous work has shown th is  is o la te  to  have the
lowest reported ch lo rophy ll a:b ra t io  and, in  c u ltu ra l s tud ies, 
e x h ib it  bleaching in  the presence o f g lycero l (Hayhome, 1980).
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MATERIALS AND METHODS 
ISOLATES AND CULTURE METHODS
The fo llo w in g  axenic prasinophyte clonal iso la te s  were obtained 
from Dr, R, R, L. G u illa rd  a t the Bigelow Laboratory fo r  Ocean 
Sciences in  West Boothbay Harbor, Maine.
Platymonas s t ip i ta ta  Rey 2 
Prasinophyte sp. unknown SL 48-23 
U n id e n tifie d  BT-5 
U n id e n tifie d  1326-1 
Platymonas svecica PS-305 
Tetraselm is svecica UW 483 
Tetraselm is sp. unknown UW 498
A ll iso la te s  were grown in  batch cu ltu re  in  d ilu te d  s te r i le
natural sea water (0.357 Osm per ml) w ith  F/2 enrichment
(G u illa rd , 1975) a t 21 C under a photoperiod o f 18 hours o f l ig h t
-2  -1and 6 hours o f dark a t ca. 50 yE m s l ig h t  in te n s ity .  Under 
th is  regime, cu ltu re s  s ta rted  by a 200 fo ld  d ilu t io n  o f la te  log 
phase c e lls  reached la te  log phase in  21 days (7.2 X 10^ 
c e l1 s /m l) .  Cel1 numbers i  n cu ltu re s  were determi ned by 
hemacytometer counts (mean o f 8 counts fo r  each sample) fo llo w in g  




Late log  phase c e lls  o f a l l  iso la te s  were co lle c te d  by 
c e n tr ifu g a tio n  (1000 X g, 10 min) and stored a t -20 C. For 
e x tra c tio n  the c e lls  were thawed, covered w ith  reagent grade 
methanol (Riemann, 1978) and placed in  the dark a t 4 C overn ight 
(Hansmann, 1978). Pigments were extracted in to  reagent grade 
petroleum ether (30/60) and dried  w ith  a ro ta ry  evaporator. A 
sample o f Platymonas s t ip i ta ta  Rey 2 was sapon ified  (Davies, 1965) 
w ith  5% K0H to remove any ch lo ro p h y lls , extracted and stored fo r  
ana lys is by high-pressure l iq u id  chromatography. Due to  the 
p h o to s e n s it iv ity  o f ch lo rophy ll pigments, a l l  e x tra c tio n s  were 
completed in  a darkened room in  the presence o f a s a fe lig h t w ith  a 
Kodak # 7 green f i l t e r .  A ll pigment e x tra c ts  were stored under 
n itrogen in  t ig h t ly  sealed fla s k s , wrapped in  f o i l ,  and kept a t 
-20 C.
HIGH-PRESSURE LIQUID CHROMATOGRAPHY ANALYSIS OF CHLOROPHYLLS 
High-pressure l iq u id  chromatography (HPLC) was chosen over th in  
la ye r chromatography fo r  separation o f pigments and th e ir  
a na lys is . HPLC c lean ly  separates the ch lo ro p h y lls  from each other 
and provides e a s ily  q u a n tif ia b le  re s u lts . The high-pressure 
l iq u id  chromatography system used was a Beckman 112 so lvent 
d e live ry  system, Beckman 340 in je c to r ,  Beckman 160 U Y -v is ib le  
de tecto r w ith  interchangeable f i l t e r s ,  an U lt ra s i l  25 cm X 4.6 mm 
ODS C-18 Reverse Phase Column w ith  a 75 mm X 7.5 mm guard column 
and a Hew lett Packard 3390A in te g ra to r . A ll HPLC work was done
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w ith  a 436 nm f i l t e r  and a flow  ra te  o f 1.0 ml per minute. The 
mobile phase used by other researchers to  separate ch lo rophy lls  
and th e ir  degradation products are methanol:water (97:3)
(Bessriere & M on tie l, 1982), methanolrwater (90:10, fo llowed by 
98:2) (Falkwoski & Sucher, 1981), methanol: acetone:water (75:22:3) 
(Goeyens, et , 1982), and methanol:water (95:5) (Burke & 
A rono ff, 1979). Several concentrations o f methanol, from 100% 
methanol to  98% methanol and 2% water were tested in  an attempt to  
f in d  the mobile phase th a t gave the best peak re so lu tio n  and the 
sho rtes t run tim e. The mobile phase chosen was 98% methanol and 
2% w ater. A ll so lvents were f i l t e r e d  and degassed through a 
m ill ip o re  system w ith  a 0.45 ym f i l t e r .
For a l l  samples, small amounts o f extracted pigments were 
taken up in  98% methanol and f i l t e r e d  through a 0.22 m  Durapore 
f i l t e r .  Samples were d ilu te d  w ith  so lvent u n t i l  they read 
approximately 0.6 absorbance a t 436 nm on a spectrophotometer in  a 
1 cm cuve tte . A spectrum was run fo r  each sample from 350 to  700 
nm. A 20 y l sample was in je c te d  onto the column. A ll samples were 
detected a t 436 nm using a s e n s it iv ity  o f 0.005 absorbance u n its  
f u l l  sca le . Chlorophyll a and b standards from spinach (Sigma 
Chemical Co., S t. Lou is, Mo.) were in je c te d  separately onto the 
column to  id e n t ify  the lo ca tio n  o f the ch lo rophy ll a and b peaks. 
The saponified pigments o f Platymonas s t ip i ta ta  Rey 2 were run 
then compared to  a non-saponified sample o f pigments from the same 
alga to  v e r ify  th a t the ch lo ro p h y lls  were the only pigments being
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detected a t 18 and 32 minutes. For comparison, fresh spinach 
leaves were extracted and stored fo r  la te r  ana lys is  by HPLC.
Published e x tin c tio n  c o e ff ic ie n ts  fo r  ch lo rop h y lls  a and b are
a va ilab le  fo r  e ith e r  acetone o r e ther (Svec, 1978), but not fo r
98% methanol. To be able to  accurate ly ca lcu la te  the ch lo rophy ll
amounts from the HPLC separation required the determ ination o f
e x tin c tio n  c o e ff ic ie n ts  fo r  a 98% methanol so lu tio n  a t 436 nm.
Approximately 0.03 mg ch lo rophyll a standard was placed in  a
cuvette and d ilu te d  w ith  3.0 ml o f perox ide-free  e thyl ether
(peroxides were removed by washing ether in  w ater, then drying
over calcium c h lo r id e ) . The absorbance was measured a t 428nm, the
absorption maximum fo r  ch lo rophy ll a in  ether (S tra in , 1963). The
exact amount o f ch lo rophy ll a was then ca lcu la ted  using the
published e x tin c tio n  c o e ff ic ie n t o f 11.2 X 10^ cm“ * (S tra in ,
1963). The sample was evaporated under a stream o f n itrogen . The
ch lo rop h y ll was redissolved in  3.0 ml o f 98% methanol. The
absorbance was read a t 436 nm, the wavelength o f the de tector
f i l t e r .  While 436 nm does not correspond to  the absorption
maximum fo r  e ith e r  ch lo rophy ll a or b, i t  is  a commonly ava ilab le
wavelength fo r  a v a r ie ty  o f f i l t e r  se lectab le  de tecto rs . There is
s u f f ic ie n t  absorbance by both compounds a t th is  wavelength th a t
reasonable s e n s it iv ity  is  obtained. The e x tin c tio n  c o e ff ic ie n t  o f
4 -1ch lo rophy ll a in  98% methanol was ca lcu la ted  to  be 5.7 X 10 M 
eiiT^ a t 436 nm.
This basic procedure was repeated fo r  ch lo rophy ll b. The 
samples were read a t 452 nm (S tra in , 1963) and the exact amount
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was ca lcu la ted  using the published e x tin c tio n  c o e ff ic ie n t  o f 15.9 
X 104 M~* cm- * (S tra in , 1963). The e x tin c tio n  c o e ff ic ie n t  fo r  
ch lo rophy ll b in  98% methanol was ca lcu la ted  to  be 4.2 X 104 M- * 
cm- * a t 436 nm.
Pigment ex trac ts  from each o f the seven prasinophyte species 
were loaded onto the column in d iv id u a lly  and the amount o f 
ch lo rophy ll a and b in  each c lona l is o la te  was ca lcu la ted  using 
the e x tin c tio n  c o e ff ic ie n ts  from 98% methanol a t 436 nm and the 
area percent figu re s  from the in te g ra to r . The ch lo rophy ll a:b 
ra t io  was ca lcu la ted  fo r  each species. Five samples from one 
pigment e x tra c t o f Platymonas s t ip i ta ta  Rey 2 were run separately 
on the column to  v e r ify  re p ro d u c ib il ity .
INHIBITION OF CHLOROPHYLL BIOSYNTHESIS
One is o la te , Platymonas s t ip i ta ta  Rey 2, was selected fo r  an 
in h ib it io n  study o f ch lo rophy ll b iosynthesis  because o f i t s  
unusual ch lo rophy ll a to  ch lo roph y ll b r a t io .  Five possib le 
ch lo rophy ll in h ib ito rs  were chosen from the l i te r a tu r e  fo r  in i t i a l  
survey experiments. These included 1 -cys te ine , th iopheno l, 
£-chlorom ercuribenzoate (PCMB), a ,a '-d ip y r id y l ( d ip y r id y l) ,  and 
g ly c e ro l. Thiophenol was used by Rao and Sane (1981) to  in h ib i t  
ch lo rophy ll form ation in  two p laces. Concentrations o f 5.0 mM 
completely in h ib ite d  the form ation o f porphobilinogen and the 
conversion o f ch lo rophy l1Ide to  ch lo rophy ll in  leaves o f Vigna 
ra d ia ta . Rao e t £]_. (1981) used 1.0 mM concentrations o f 
d ip y r id y l to  in h ib i t  conversion o f ch lo ro p h y llid e  to  ch lo rophy ll
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in  leaves o f Arachis hypogaea. Gibson e t £]_. (1958) used 0.3 yM 
PCMB to  in h ib i t  form ation o f 6-am inolevulenic acid in  chicken 
e ry th rocy tes . 0.035 M concentrations o f 1-cys te ine  (Granick,
1958) in h ib i t  fi-am inolevulenic acid formation in  chicken 
e ry th rocy tes . Hayhome (1980) reported th a t 0.025 M concentrations 
o f g lyce ro l in h ib ite d  ch lo rophy ll form ation in  Platymonas 
s t ip i ta ta  Rey 2 by unknown methods.
Each in h ib ito r  was tested a t 0.1 mM, 0.5 mM and 1.0 mM 
concentra tions. The in h ib i to r  was weighed and mixed w ith  3 ml o f 
so lvent (1-cys te ine  and g lyce ro l in  water, d ip y r id y l and 
thiophenol in  100% ethanol, and PCMB in  d im e th y lsu lfo x id e ). 
In h ib ito rs  were then f i l t e r e d  through a 0.45 ym c e llu lo s e  acetate 
f i l t e r  and enough s te r i le  medium was added to b ring  the volume up 
to  10 m l. S eria l d ilu t io n s  were made to  achieve the above 
concentra tions in  100 ml o f s te r i le  medium. Each d i lu t io n  was 
inocu la ted  w ith  10 ml o f la te  log phase Platymonas s t ip i ta ta  Rey 2 
and grown to  la te  log  phase. The number o f ce lls /m l and the 
cond itio n  o f the c e lls  was determined every seven days by 
hemacytometer counts (mean o f 8 counts fo r  each sample). A ll 
in h ib ito rs  tested except 1-cys te ine  suppressed the growth ra te  o f 
the c e lls  when compared to  the c o n tro l; 1-cys te ine  apparently 
s tim u la ted pho to resp ira tion  causing the c e lls  to  have a shorte r 
generation time than the c o n tro l.  From these re s u lts  th iopheno l, 
PCMB, d ip y r id y l and g lyce ro l were chosen fo r  fu r th e r  study as they 
supressed growth but d id  not adversely a ffe c t c u ltu re  v ia b i l i t y .
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New concentra tions fo r  each o f the fo u r remaining in h ib ito rs  
were chosen a f te r  ana lys is  o f the survey experiment re s u lts . 
Thiophenol and PCMB were tes ted  the second time a t 0.0001 mM,
0.001 mM, 0.01 mM and 0.1 mM; g lyce ro l was tested a t 0.0025 M, 
0.025 M, and 0.25 M; and d ip y r id y l was tested  a t 0.01 mM, 0.05 mM, 
0.1 mM, 0.5 mM, and 1.0 mM. The number o f c e lls /m l and the 
co n d itio n  o f the c e lls  were recorded every seven days fo r  three 
weeks. In a d d it io n , a 5.0 ml sample o f each c u ltu re  was p e lle te d  
(1000 X g, 10 min) and frozen . These samples were ex tracted  w ith  
methanol and ch lo ro p h y ll a and b amounts were estimated by 
measuring absorbance a t 650 nm and 665 nm (Holden, 1976). A fte r  
ana lys is  o f these re s u lts  0.25 M g lyce ro l and 0.05 mM d ip y r id y l 
were chosen fo r  fu r th e r  study o f in h ib it io n  o f ch lo ro p h y ll b 
b iosynthesis  in  Platymonas s t ip i t a t a .
In  the f in a l in h ib i to r  study, recovery from exposure to  0.25 M 
g lyce ro l and 0.05 mM d ip y r id y l was monitored. Three l i t e r s  o f 
Platymonas s t ip i ta ta  Rey 2 was grown to  la te  log  phase and 
harvested by c e n tr ifu g a tio n  (4000 X g, 10 m in). These c e lls  were 
d iv ided  in to  th ree  a liq u o ts  and cu ltu re d  fo r  three weeks in  1000 
ml o f fresh  F/2 medium alone, o r media supplemented w ith  e ith e r  
0.25 M g lyce ro l o r 0.05 mM d ip y r id y l.  A fte r  three weeks' 
incuba tion , the c e lls  o f each l i t e r  were harvested by 
c e n tr ifu g a tio n  (4000 X g, 10 m in). The batches o f c e lls  were each 
resuspended in  1000 ml o f fresh  medium not con ta in ing  in h ib i to r  




PIGMENT ANALYSIS BY HPLC
Based on e a r l ie r  work by other in v e s tig a to rs , I began using 
methanol:water (95:5) as the mobile phase fo r  HPLC o f pigment 
e x tra c ts  from Platymonas s t ip i ta ta  Rey 2. Although th is  gave good 
peak re s o lu tio n , each run took in  excess o f 60 m inutes. In an 
attempt to  shorten run tim e, I t r ie d  methanol w ith  0.0%, 0.25%, 
0.5%, 0.75% and 2.0% water as the mobile phase. As tab le  I shows, 
w ith  100% methanol, run time was shortened to  20 minutes. This 
system was inadequate, however, because re so lu tio n  o f the 
ch lo rophy ll b peak a t 11 minutes and an unknown peak a t 12 minutes 
was not s u f f ic ie n t  to  a llow  re lia b le  q u a n tif ic a tio n  by the 
in te g ra to r . A dd ition  o f 0.25%, 0.5%, or 0.75% water shortened run 
time but the re so lu tio n  between the two peaks d id  not increase 
s ig n if ic a n t ly .  Two percent water in  methanol gave a run time o f 
42 minutes and increased the re so lu tio n  between the peaks 
s u f f ic ie n t ly  to  a llow  re lia b le  q u a n tif ic a tio n  by the in te g ra to r . 
A ll h igh-pressure l iq u id  chromatography was completed subsequently 
using 2% water in  methanol.
HPLC o f the ch lo rophy ll a standards from spinach produced a 
peak w ith  a shoulder a t approximately 33 minutes. Chlorophyll b 
standards from spinach produced a peak w ith  a shoulder a t 
approximately 18 m inutes. As shown in  tab le  I I ,  the ch lo rophy ll a 
and b peaks from the standards correspond to  peaks seen in
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chromatograms from pigment e x tra c ts  o f the Prasinophytes examined. 
When standards were allowed to  s i t  in  ether fo r  a period o f tim e, 
degradation products were produced. When separated by HPLC, 
ch lo rophy ll a breakdown products appeared a t 24 and 37 minutes and 
ch lo rophy ll b breakdown products appeared a t 17 and 20 minutes.
The s p e c if ic  id e n t ity  o f these degradation products is  unknown.
P u r if ic a t io n  o f ch lo rophy ll was attempted using a method th a t 
invo lves p re c ip ita t io n  o f c h lo ro p h y lls , leaving  the carotenoid 
pigments in  s o lu tio n . Pigment e x tra c ts  were mixed w ith  reagent 
grade dioxane, then p re c ip ita te d  by drop-wise a d d itio n  o f water 
(Iriyam a, e t al_., 1974). When p re c ip ita te d  ch lo rop hy ll was 
d issolved in  98% methanol and in je c te d  onto the column, several 
ch lo rop hy ll degradation products were found. In a d d itio n  to  the 
ch lo rop h y ll a and b peaks, e ig h t u n id e n tif ie d  degradation product 
peaks were seen. Due to  the presence o f so many im p u r it ie s , th is  
method was not used to  p u r ify  ch lo rophy ll e x tra c ts .
Figure 1 is  a representa tive  chromatogram o f pigments from 
Platymonas s t ip i ta ta  Rey 2. Five runs o f the same PIatymonas 
s t ip i ta ta  Rey 2 pigment e x tra c t were run se q u e n tia lly  to  v e r ify  
re p ro d u c ib il ity .  In tab le  I I I  the v a r ia b i l i t y  between these f iv e  
runs is  shown. The ch lo roph y ll b peak varied from 18.31 minutes 
to  18.64 minutes (0.33 min) and the percent o f ch lo rop hy ll b as 
ca lcu la ted  from the area percent va ried  from 45.1% to  47.7%
(2.6%). The ch lo rophy ll a peak varied from 33.57 minutes to  34.40 
minutes (0.83 min) and the percent o f ch lo rophy ll a varied from 
52.3% to  54.9% (2.6%). Although there  is  a small d iffe re n ce
16
between these percentages, when they are used to  ca lcu la te  the a:b 
ra t io ,  th a t d iffe re n ce  Is  In te n s if ie d . The average a:b ra t io  fo r  
Platymonas s t ip i ta ta  Rey 2 is  1.15, but the values range from 1.10 
to  1.22. The ch lo rophy ll a:b ra tio s  (and percentages) fo r  both 
Platymonas s t ip i ta ta  Rey 2 and the o ther Prasinophyte iso la te s  are 
summarized in  ta b le  IV.
For comparison, ch lo rophy ll a:b ra tio s  (and percentages) o f 
the Prasinophytes were computed using spectra l readings. Pigments 
were extracted  in to  100% methanol and readings were taken a t 650 
nm and 665 nm. These re su lts  are given in  ta b le  V.
The ch lo rophy ll a:b ra tio s  (and percentages) derived by these 
two methods appear to  d i f f e r .  A comparison o f the two sets o f 
data in  tab les 4 and 5 reveals substan tia l d iffe re n ce s  fo r  some 
specimens. Platymonas s t ip i ta ta  Rey 2 has a lower ch lo rophy ll 
a:b ra t io  when the pigments were analyzed on the HPLC, more 
ch lo rophy ll b was reported by th a t method than by spectra l 
a na lys is . The u n id e n tif ie d  Prasinophyte, BT-5 has s im ila r  
ch lo rophy ll a:b ra tio s  as measured by both methods. For the f iv e  
remaining algae, more ch lo rophy ll b was reported by spectra l 
measurements than by HPLC. Two Prasinophytes, SL 48-23 and the 
u n id e n tif ie d  species 1326-1 have ra tio s  th a t are comparable fo r  
both methods. The remaining three Prasinophyte species Platymonas 
svecica PS-305, Tetraselm is svecica UW 483, and Tetraselm is sp. UW 
498 a l l  had s u b s ta n tia lly  h igher ch lo rophy ll a:b ra tio s  as 
measured by HPLC. Because o f these d iffe re n ce s , pigment ex trac ts  
from one selected is o la te , Platymonas s t ip i ta ta  Rey 2 were
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subjected to  sa p o n ifica tio n . The ra tio n a le  fo r  th is  step was to 
degrade the ch lo rop h y lls  present in  e x tra c ts , leaving  carotenoids 
in ta c t  to  assess i f  there were carotenoid co n trib u tio n s  to  the 
HPLC peaks fo r  ch lo rophy ll a and b.
A chromatogram from the sa p o n ifica tio n  o f Platymonas s t ip i ta ta  
Rey 2 pigments was compared to  a chromatogram from non-saponified 
pigments o f the same a lga. S apon ifica tion  removes a l l  ch lo rophy ll 
pigments from the e x tra c t by removing the phytyl t a i l  th a t allows 
the ch lo rop h y ll to  be s u f f ic ie n t ly  non-polar to  d isso lve  in  
petroleum e the r. Carotenoid pigments are non-sapon ifiab le  and 
thus remain so lub le  in  petroleum e th e r. When sapon ified  pigments 
were analyzed by HPLC, a peak a t 18 minutes remained. This is  the
same lo ca tio n  th a t the ch lo rop h y ll b peak occupies in  the 
chromatogram from non-saponified e x tra c ts . This f in d in g  suggests 
the presence o f a non-sapon ifiab le  pigment a t 18 m inutes, the same 
lo ca tio n  as ch lo rophy ll b. This pigment could be a carotenoid 
pigment or a unique form o f ch lo rop h y ll b th a t is  
non-saponi f i  a b le .
To b e tte r  characte rize  th is  unknown pigment a la rge  amount o f 
Platymonas s t ip i ta ta  Rey 2 pigment was in je c te d  onto the HPLC 
column. The complex peak a t 18 minutes was co lle c te d  and a 
spectrum was made from 350 to  700 nm. The spectrum was 
c h a ra c te r is t ic  o f both ch lo rop hy ll and carotenoid pigments. There
was a s ing le  peak a t 650 nm as in  ch lo roph y ll and a t r ip le  peak 
w ith  maxima a t 420, 440, and 475 nm as in  a carotenoid pigment. 
F ra c tio na tio n  and spectra l ana lys is  o f the components o f th is  peak
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a t 18 minutes revealed a ch lo rophy ll b peak, a phaeophytin b peak 
and a peak th a t m ight be a carotenoid. Separation o f th is  
carotenoid was not possib le  using 2% water in  methanol as i t  was 
located d ir e c t ly  under the ch lo rophy ll b peak.
INHIBITION OF CHLOROPHYLL BIOSYNTHESIS
In the i n i t i a l  survey experiment, in h ib ito r  concentrations o f 0.1 
mM, 0.5 mM, and 1.0 mM were chosen to  te s t fo r  ch lo rophy ll 
b iosynthesis in h ib it io n .  Each in h ib ito r  was added to medium a t 
these concentra tions; c e ll numbers and cond ition  were monitored 
fo r  14 days. As seen in  tab le  VI the a dd ition  o f 1-cys te ine  
stim ula ted p h o to re sp ira tio n , causing the cu ltu re s  to  grow a t a 
ra te  fa s te r  than the c o n tro l. Since 1-cys te ine  d id  not have an 
in h ib ito ry  e f fe c t  on the organism, i t  was discarded as a possible 
ch lo rophy ll in h ib i to r .  At the concentrations chosen th iopheno l, 
£-chlorom ercuribenzoate (PCMB) and a ,a '-d ip y r id y l (d ip y r id y l)  were 
to x ic  and m onito ring  was discontinued a t 7 days. Cultures 
con ta in ing  g lyce ro l grew a t the same ra te  as the con tro l w ith  
c e lls  in  a l l  concentrations being m o tile , green and hea lthy.
These re s u lts  were used to  determine new concentrations fo r  
the second se t o f in h ib i to r  studies w ith  th iopheno l, PCMB, 
d ip y r id y l and g ly c e ro l. The concentrations fo r  g lycero l were 
increased to  0.0025 M, 0.025 M, and 0.25 M; concentrations fo r  
thiophenol and PCMB were decreased to  0.0001 mM, 0.001 mM, 0.01
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mM, and 0.1 mM; and concentrations fo r  d ip y r id y l were decreased to 
0.01 mM, 0.05 mM, 0.1 mM., 0.5 mM, and 1.0 mM.
Table V II shows th a t as the g lyce ro l concentra tion increased, 
the ra te  o f c e ll d iv is io n  decreased. At 0.25 M there  was no 
increase in  c e ll numbers. A t a concentra tion  o f 0.0025 M the 
c e lls  were green and m o tile , a t 0.025 M the c e lls  were a pale 
golden-green co lo r and only a few c e lls  were s t i l l  m o tile . A t 
0.25 M concentrations o f g ly c e ro l, a l l  the c e lls  were non-m otile 
and golden in  co lo r. C e lls  appeared enlarged a f te r  21 days.
Results from the PCMB in h ib it io n  experiment appear in  tab le
V I I I .  Concentrations o f 0.0001 mM d id  not a f fe c t  growth ra te  o f 
Platymonas s t ip i ta ta  Rey 2 u n t i l  the th ir d  week, when the growth 
ra te  dropped. Growth rates in  the c u ltu re  con ta in ing  0.001 mM 
PCMB were lower than the c o n tro l. A t both concentra tions, the 
c e lls  were green and m o tile  a t 14 days, but had acquired a 
green-brown co lo r a t 21 days. Concentrations o f 0.01 mM and 0.1 
mM were to x ic ,  no l iv in g  c e lls  were seen a t 7 days and the c e lls  
were discarded a fte r  14 days. No bleaching o f c e lls  was seen w ith  
PCMB a t these concentra tions.
Results o f the thiophenol in h ib it io n  experiment are given in  
ta b le  IX . Concentrations o f 0.0001 mM d id  not a ffe c t the growth 
ra te  o f Platymonas s t ip i ta ta  Rey 2 and the c e lls  were green and 
m o tile . Concentrations o f 0.001 mM and 0.01 mM slowed the growth 
ra te  o f the alga by day 21, but the c e lls  were s t i l l  m o tile  and 
green. Some clumping o f c e lls  was seen a t 21 days a t 0.01 mM 
concentra tions. 0.1 mM concentrations o f thiophenol were to x ic ,
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a l l  c e lls  were dead by 7 days and the cu ltu re s  were discarded 
a f te r  14 days- No bleaching o f c e lls  was seen w ith  thiophenol a t 
these concentra tions.
Results from the d ip y r id y l in h ib it io n  experiment are shown in  
tab le  X. Concentrations o f 0.01 mM d id  not in h ib i t  the growth 
ra te  o f Platymonas s t ip i ta ta  Rey 2; c e lls  were green and m o tile . 
Cultures w ith  a concentra tion o f 0.05 mM d ip y r id y l d id  not show a 
decrease in  growth ra te  or m o t i l i t y  but by day 21 a t th is  
concen tra tion , the c e lls  were a golden-green c o lo r .
Concentrations o f 0.1 mM, 0.5 mM and 1.0 mM were to x ic  to  the 
c e lls  and were discarded a f te r  14 days.
The to ta l amount o f ch lo rophy ll per c e ll was estimated every 
seven days fo r  each in h ib ito r  concentration using spectra l 
methods. These re s u lts  are shown in  tab les XI-XIV . As seen in  
tab le  X I, 0.025 M and 0.25 M concentrations o f g lyce ro l caused the 
leve l o f ch lo roph y ll in  the c e lls  to  decrease s ig n if ic a n t ly  a t 7 
days. As shown in  tab les X II and X I I I ,  PCMB and thiophenol d id 
not decrease the amount o f ch lo rop hy ll per c e l l .  A t 0.01 mM 
concentra tions, as seen in  ta b le  XIV, d ip y r id y l in h ib ite d  the 
amount o f ch lo roph y ll per c e ll a t 21 days and a t 0.05 mM 
concentrations the amount o f ch lo rophy ll was in h ib ite d  a t 14 days. 
These re s u lts  confirm  v isua l observations th a t 0.25 M g lycero l and 
0.05 mM d ip y r id y l in h ib i t  ch lo rop h y ll b iosynthesis in  Platymonas 
s t ip i ta ta  Rey 2.
In the f in a l in h ib it io n  experiment, id e n tic a l a liq u o ts  o f 
c e lls  from cu ltu re s  o f Platymonas s t ip i ta ta  Rey 2 were placed in
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cu ltu re s  conta in ing  e ith e r  0.25 M g lyce ro l or 0.05 mM d ip y r id y l.  
These c e lls  were recovered a f te r  21 days and placed in  fresh 
medium where th e ir  greening up was monitored fo r  an 18 day period. 
The c e lls  th a t had been in  0.25 M g lycero l fo r  three weeks were 
not m o tile  when placed in  fresh  media; many o f the c e lls  were dead 
and those th a t were not were a golden c o lo r. There was no change 
in  the c e lls  u n t i l  day 7 when a green band was noted around the 
top o f the c u ltu re . By day 11 the c e lls  had entered a stage o f 
exponential growth th a t continued u n t i l  day 18. The greened c e lls  
were enlarged. The c e lls  th a t had been placed in  0.05 mM 
d ip y r id y l were a golden-green c o lo r , h a lf  o f  the c e lls  were 
m o tile . Evidence o f greening up was v is ib le  by day 3 when the 
c e lls  entered a period o f rap id  growth th a t las ted  u n t i l  day 18.
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DISCUSSION
Pigment ana lys is  by high-pressure l iq u id  chromatography was used 
to  ca lcu la te  ch lo rophy ll a:b ra tio s  in  Platymonas s t ip i ta ta  Rey 2 
and s ix  o ther Prasinophytes. When v a r ia tio n s  were seen between 
ra tio s  ca lcu la ted  by HPLC and spectra l methods, pigments o f 
Platymonas s t ip i ta ta  Rey 2 were sapon ified  fo r  comparison w ith  a 
non-saponified e x tra c t. These comparisons ind ica ted  the presence 
o f a non-sapon ifiab le  peak in  the same lo ca tio n  as ch lo rophy ll b. 
The mobile phase used (98% methanol) d id not separate ch lo rophy ll 
b and the unknown pigment s u f f ic ie n t ly  to  a llow  id e n t if ic a t io n  o f 
the unknown pigment. Future ana lys is by th is  HPLC method should 
include a comparison o f saponified and non-saponified pigment 
samples to  de tect the presence and amount o f unknown pigments. In 
order to  be p rec ise , ch lo rophy ll b le ve ls  must be ca lcu la ted  by 
sub trac tion  o f such pigments from the to ta l ch lo rophy ll b peak 
area.
When ch lo rophy ll a:b ra tio s  o f the seven iso la te s  ca lcu la ted  
from HPLC and spectra l measurements were compared, the ra tio s  
d iffe re d  in  some cases. In m u ltip le  runs from the same pigment 
sample o f Platymonas s t ip i t a ta , i t  was shown th a t ch lo rophy ll a:b 
ra tio s  vary as much as 0.2 w ith in  the same e x tra c t. Considering 
th is  v a r ia t io n , a d iffe re n ce  in  a:b ra tio s  o f s im ila r  magnitude 
between two completely d if fe re n t  methods could not be viewed as 
extreme. Under th is  premise, Platymonas s t ip i ta ta  Rey 2, an
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unknown Prasinophyte SL 48-23, and two u n id e n tif ie d  is o la te s  BT-5 
and 1326-1 were shown by the two methods to  conta in  s im ila r  
amounts o f ch lo rophy ll a and b. The remaining th ree is o la te s : 
Platymonas svecica PS-305, Tetraselm is svecica UW 483, and an 
u n id e n tif ie d  Tetraselm is species UW 498 were shown to  have a 
s u b s ta n tia lly  higher a:b ra t io  as measured by HPLC. I t  is  
in te re s tin g  to  note th a t the two genera PIatymonas and Tetraselm is 
are considered by some in ve s tig a to rs  to  be the same genus 
(G u illa rd , personal communication).
F ive o f the iso la te s  had more ch lo rophy ll b according to  
spectra l measurement. I t  is  w ide ly accepted th a t ch lo rop h y ll a 
can be over-estim ated by dichrom atic measurements when degradation 
products are present in  the pigment e x tra c ts  (Goeyens, e t a l . ,  
1982). These degradation products absorb a t the same wavelengths 
as ch lo rop hy ll a and increase the apparent amount o f ch lo rophy ll a 
detected. I t  is  possib le  th a t the presence o f degradation 
products from ch lo rophy ll b increased the amount o f ch lo rophy ll b 
detected spectrophotom etrica lly  in  these f iv e  is o la te s . With the 
mobile phase chosen, the HPLC e f fe c t iv e ly  separated ch lo rophy ll 
degradation products from the c h lo ro p h y lls , but separation o f the 
carotenoid pigments presented some d i f f ic u l t y .
The need to  prevent form ation o f ch lo rophy ll degradation 
products cannot be overemphasized. Although the presence o f some 
o f these products is  normal, steps must be taken not to  increase 
the amounts o f these products during processing o f samples. These 
steps inc lude p ro te c tin g  the e x tra c ts  from l ig h t ,  oxygen and
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changes in  temperature. Despite e f fo r ts  to  reduce ch lo rophy ll 
degradation, in  e x trac ts  th a t were exposed to  one o r a l l  o f these 
fa c to rs  the amount o f degradation o f the ch lo rop h y lls  increased 
s ig n if ic a n t ly ;  in  some samples no ch lo rophy ll b remained in ta c t .  
Pigments th a t had been ex trac ted , then frozen fo r  la te r  HPLC 
ana lys is showed a marked increase in  production o f degradation 
products when compared to  pigments th a t were extracted and 
immediately in je c te d  onto the HPLC. Substances such as CaCO ,̂ 
MgCOg, NaHCÔ  and dimethyl a n il in e  can be added to  prevent 
form ation o f pheophytin during the e x tra c tio n  process (Holden, 
1976). A c id if ic a t io n  techniques used by in ve s tig a to rs  to account 
fo r  the degradation products o f ch lo rophy ll a do not func tion  
s im ila r ly  fo r  ch lo rophy ll b and should not be used (Lorenzen, 
1981).
Degradation products can also be formed w h ile  the sample is  on 
the column. For th is  reason, i t  is  c r i t ic a l  th a t the amount o f 
time th a t the sample is  on the column be minim ized. In 
separations fo r  ch lo rophy ll a measurements, run times as short as 
14 minutes have been achieved by changing the mobile phase from 
methanol :water (95:5) to  methanol-.acetone:water (75:20:5) and 
increasing the flow  ra te  (Brown, et ^1_., 1981). Further 
in ve s tig a tio n  in to  o ther mobile phase systems is  necessary to  
achieve b e tte r re so lu tio n  o f the ch lo rophy ll b peak. Perhaps the 
use o f methanol:water (95:5) a t a h igher flow  ra te  w i l l  increase 
re so lu tio n  w ithou t s a c r if ic in g  run tim e.
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In h ib it io n  o f ch lo rophy ll b iosynthesis in  Platymonas s t ip i ta ta  
Rey 2 was achieved w ith  0.25 M g lycero l and 0.05 mM 
a ,a '-d ip y r id y l ( d ip y r id y l) .  Thiophenol and 
j)-chlorom ercuribenzoate (PCMB) did not in h ib i t  ch lo rophy ll 
b iosynthesis in  Platymonas s t ip i ta ta  Rey 2 a t the concentrations 
surveyed. I t  is  possib le  th a t these in h ib ito rs  are to x ic  to  the 
organism a t the le ve l th a t is  necessary to  achieve in h ib it io n  o f 
ch lo rophy ll b iosyn thes is , and fo r  th is  reason we d id  not see 
in h ib it io n .  L -cyste ine  apparently stim ula ted pho to resp ira tion  in  
Platymonas s t ip i ta ta  Rey 2 a t concentrations surveyed; perhaps 
h igher le v e ls  would in h ib i t  ch lo rophy ll b iosyn thes is .
In h ib it io n  o f ch lo rophy ll b iosynthesis w ith  d ip y r id y l has been 
shown during greening o f e tio la te d  Arachis hypogaea leaves (Rao, 
e t a K , 1981). The s ite  o f in h ib it io n  was found to  be a t the 
leve l o f conversion o f ch lo rop h y llid e  a to  ch lo rophy ll a. The 
a c t iv i t y  o f d ip y r id y l,  a metal ion ch e la to r, was p a r t ia l ly  
reversed by ad d itio n  o f ca tions . This in h ib ito r  could be used to 
answer some questions about ch lo rophy ll b b iosynthesis in  
Platymonas s t ip i ta ta  Rey 2. Future studies on the in h ib it io n  o f 
ch lo rophy ll b iosynthesis by d ip y r id y l in  c e lls  from Platymonas 
s t ip i ta ta  Rey 2 should include the m onitoring o f the c e lls  to  see 
when ch lo rop h y ll b is  produced during the greening process. I f  
ch lo rophy ll b is  produced f i r s t ,  th is  might in d ica te  synthesis by 
an a lte rn a te  pathway, poss ib ly  d ire c t ly  from p ro toch io rophy l1ide a 
or from ch lo ro p h y llid e  a v ia  ch io ro p h y llide  b. I f  ch lo rophy ll a
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is  produced f i r s t ,  th is  would be con s is ten t w ith  synthesis o f 
ch lo rophy ll b from ch lo rophy ll a.
High concentrations o f g lyce ro l have been shown to  uncouple 
the energy tra n s fe r chain from phycoerythrin  to ch lo roph y ll a in  
Anacystis (W illiam s, e t ^il_., 1981). Thus, the in h ib ito ry  e ffe c t 
o f g lyce ro l on ch lo rophy ll form ation has been explained fo r  
organisms th a t contain p h yc o b ilip ro te in s . Such uncoupling may 
have the e ffe c t o f in h ib it io n  o f ch lo rop h y ll synthesis in  
Platymonas s t ip i ta ta  Rey 2. Although 0.25 M concentrations o f 
g lyce ro l do in h ib i t  ch lo rophy ll form ation in  Platymonas s t ip i ta ta  
Rey 2 c e l ls ,  whether th a t in h ib it io n  invo lves uncoupling is  
unknown a t th is  tim e. Because the actual mechanism o f ch lo rophy ll 
b iosynthesis in h ib it io n  by g lyce ro l is  p o te n tia lly  a t a le ve l well 
removed from the term inal syn th e tic  steps, th is  in h ib ito r  is  not 
the best choice fo r  b iosynthesis s tud ies . However, fu r th e r  study 
o f th is  g lycero l-induced ch lo roph y ll in h ib it io n  would be 
in te re s tin g  in  Platymonas s t ip i ta ta  Rey 2 a t another tim e.
Study o f the e f fe c t  o f 1 ,7-phenanthro line on c e lls  o f 
Platymonas s t ip i ta ta  Rey 2 may prove to  be w orthw hile . In 
e t io la te d  c e lls  o f the mutant Chlamydomonas re in h a rd t ii y-1 i t  was 
estab lished th a t 1 ,7-phenanthro line s tim u la ted production o f 
ch lo ro p h y llid e  b from p ro to ch io ro p h y llid e  in  the dark w ithou t the 
form ation o f new ch lo ro p h y llid e  a (Bednarik & Hoober, 1985). A 
s im ila r  in ve s tig a tio n  in  Platymonas s t ip i ta ta  Rey 2 could provide 
a clue to  the b iosyn th e tic  re la tio n s h ip  o f c h lo ro p h y llid e  b to 
ch lo ro p h y llid e  a.
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SUMMARY
Although ch lo rop h y ll a b iosynthesis has been e luc ida ted , the 
term inal steps fo r  ch lo rop h y ll b b iosynthesis are unknown. Some 
Prasinophyceae are reported to  have high amounts o f ch lo rophy ll b 
(Wood, 1979) and the prasinophyte Platymonas s t ip i ta ta  Rey 2 is
reported to  have 55% o f i t s  ch lo rophy ll as ch lo rophy ll b,
(Hayhome, 1979).
Pigment e x tra c ts  from Platymonas s t ip i ta ta  Rey 2 and s ix  other 
prasinophytes were analyzed by high-pressure l iq u id  chromatography 
(HPLC) fo r  th e ir  ch lo rophy ll a:b ra t io s .  These re s u lts  were 
compared to  ch lo rop h y ll a and b amounts ca lcu la ted  from 
dichrom atic measurements taken s p e c tra lly  (Holden, 1976). The
ch lo rophy ll a:b ra tio s  from the two methods d i f f e r  in  some cases, 
poss ib ly  due to  in te rfe ren ce  by ch lo rophy ll degradation products 
or caroteno ids. S apon ifica tion  o f pigments from Platymonas 
s t ip i ta ta  Rey 2 reveals the presence o f an un id en tifed  pigment 
peak a t the same lo ca tio n  as ch lo rophy ll b. With the mobile phase 
chosen HPLC e f fe c t iv e ly  separates ch lo rop h y lls  a and b, but 
separation o f o ther pigments from ch lo rop h y lls  a and b was not 
achieved.
C h lorophyll b iosynthesis in h ib ito r  stud ies w ith  one selected 
is o la te , Platymonas s t ip i ta ta  Rey 2, show th a t d ip y r id y l and 
g lyce ro l are p o te n tia lly  useful as in h ib ito rs  o f ch lo rophy ll 
b iosynthesis in  prasinophytes.
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Figure 1. Chromatogram o f methanol extracted pigments from 
Platymonas s t ip i ta ta  Rey 2 on an U ltrasil-O DS column (4 .6  mm X 250 
mm) using methanol:water (9 8 :2 ).
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Table I .  A comparison o f so lven t, run time and lo ca tio n  o f 
ch lo roph y ll a and b peaks from high-pressure l iq u id  









100% methanol 20 min
0.25% water 27 min
in  methanol
0.5% water 30 min
in  methanol
0.75% water 32 min
in  methanol












These peaks were not resolved s u f f ic ie n t ly  from ad jo in ing  
peaks to  a llow  re lia b le  q u a n tif ic a tio n  by the in te g ra to r .
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Table I I .  A comparison o f the ch lo rop hy ll a and b peak loca tions  
in  ch lo rophy ll a and b standards and in  se le c t Prasinophytes.
PRASINOPHYTE ISOLATE CHL. A LOCATION 
(min)
CHL. B LOCATION 
(min)
Standards from spinach 33.6 18.4
Platymonas s t ip i ta ta  Rey 2 33.9 18.4
Prasinophyte sp. 48-23 33.9 18.5
U n id e n tifie d  BT-5 34.0 18.5
U n id e n tifie d  1326-1 33.1 18.2
Platymonas svecica PS-305 33.1 18.1
Tetraselm is svecica UW 483 34.7 18.9
Tetraselm is sp. UW 498 33.1 18.1
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Table I I I .  A comparison o f the lo ca tio n  o f ch lo rophy ll a and b
peaks, ch lo rop h y ll a:b ra tio s  and % ch lo rophy ll a and b in  
sequential runs from the same pigment sample o f Platymonas 
s t ip i ta ta  Rey 2.
f iv e
RUN # CHL. A LOCATION 
(min)




1. 34.40 18.64 54.1 45.9 1.18
2. 33.57 18.33 54.9 45.1 1.22
3. 34.09 18.53 54.0 46.0 1.17
4. 33.58 18.34 52.3 47.7 1.10
5. 33.59 18.31 52.8 47.2 1.11
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Table IV. Chlorophyll a:b ra tio s  and % ch lo rophy ll a and b o f 
several Prasinophytes as ca lcu la ted  by high-pressure l iq u id  
chromatography.
ORGANISM CLONE A:B %A %B
Platymonas s t ip i ta ta Rey 2 1.16 53.6 46.4
Prasinophyte sp. SL 48-23 1.22 55.4 44.6
Unidenti f ie d BT-5 1.63 61.5 38.5
U n id e n tifie d 1326-1 1.50 59.7 40.3
Platymonas svecica PS-305 2.57 72.2 27.8
Tetraselm is svecica UW 483 1.86 64.7 35.3
Tetraselm is sp. UW 498 2.57 72.2 27.8
Table V. Chlorophyll a:b ra tio s  and % ch lo rophy ll a and b o f 
several Prasinophytes as ca lcu la ted  by spectra l measurements a t 
650 and 665 nm. in  100% methanol.
ORGANISM CLONE A:B %A %B
Platymonas s t ip i ta ta Rey 2 1.52 60.4 39.6
Prasinophyte sp. SL 48-23 0.96 49.1 50.9
U n id e n tifie d BT-5 1.70 62.9 37.1
U n id e n tifie d 1326-1 1.16 53.7 46.3
Platymonas svecica PS-305 1.68 62.6 37.4
Tetraselm is svecica UW 483 1.16 53.8 46.2
Tetraselm is sp. UW 498 1.50 60.0 40.0
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Table V I .  Average c e lls /m l o f i n i t i a l  in h ib i to r  survey experiment
with Platymonas s t ip i t a t a  Rey 2.
INHIBITOR CONCENTRATION #CELL/ML
•k
con tro l day 7 6.60 X 106day 14 3.90 X 106
1-cys te ine day 7 0.1 mM 1.48 X 1060.5 mM 1.08 X 10*
1.0 mM 2.08 X 10^
day 14 0.1 mM 4.58 X 1060.5 mM 5.50 X 106
1.0 mM 3.40 X 106
thiophenol day 7 0.1 mM 2.30 X 1050.5 mM 3.10 X 1051.0 mM 3.00 X 105
PCMB day 7 0.1 mM 2.10 X io l
0.5 mM 1.80 X 10c
1.0 mM 2.40 X 105
a, a '-d ip y r id y l day 7 0.1 mM 1.50 X 105
0.5 mM 2.80 X io l
1.0 mM 2.80 X 105
g lycero l day 7 0.1 mM 6.50 X 1050.5 mM 8.40 X io l
1.0 mM 1.40 X 101
day 14 0.1 mM 4.60 X 1050.5 mM 4.00 X 10c
1.0 mM 2.60 X 105
*  4A ll cu ltu re s  contained 2.37 X 10 ce lls /m l a t in o cu la tio n .
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Table V I I .  Average c e l l s /  ml from g ly c e ro l - in h ib i te d  cu ltu res  of
Platymonas s t ip i t a t a  Rey 2 .
CONCENTRATION DAY 7 DAY 14 / DAY 21
 ( a l l  values X 10*)_______________
c o n tro l*  1.18 *  5.25 4.65
(0 .82-1 .44) (4 .52-5 .96) (3 .72-5 .28)
0.0025 M 1.31 2.58 3.65
(1 .04-1 .56) (1 .68-3 .40) (2 .68-4 .18)
0.025 M 0.30 0.43 0.63
(0 .22-0.34) (0 .36-0 .53) (0 .26-0 .40)
0.25 M 0.24 0.23 0.24
(0 .16-0 .27) (0 .16-0.29) (0 .12-0 .35)
# 5J A ll cu ltu re s  contained 4.96 X 10 ce lls /m l a t in o c u la tio n . 
Range
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Table V I I I .  Average c e lls /m l o f £ - chioromercuribenzoate-
in h ib ite d  cu ltu res  o f Platymonas s t ip i t a t a  Rey 2.
CONCENTRATION DAY 7 DAY 14 , DAY 21
































# 5J A ll cu ltu re s  contained 4.24 X 10 ce lls /m l a t in o cu la tio n . 
Range
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Table IX . Average ce lls /m l o f th io p h e n o l- in h ib ite d  cu ltu res  o f
PIatymonas s t ip i t a t a  Rey 2 .
CONCENTRATION DAY 7 DAY 14 , DAY 21
_______________________________ ( a l l  values X 10 )______________
c o n tro l*  3.69 *  4.07 6.17
(3 .44-4.16) (2 .92-4.58) (4 .32-8 .08)
0.0001 mM 1.42 4.15 5.83
(1 .40-2.02) (3 .30-5.22) (5 .16-6 .36)
0.001 mM 2.35 4.41 5.06
(1.94-2 .82) (3 .56-4.94) (3 .60-5 .80)
0.01 mM 2.23 2.85 4.28
(1.46-3 .28) (2 .02-3.60) (3 .68-4 .90)
0.1 mM 0.20 0.15
(0.17-0 .36) (0.11-0.19)
# 5*  A ll cu ltu re s  contained 4.24 X 10 ce lls /m l a t in o c u la tio n . 
Range
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Table X. Average c e lls /m l from a ,a * -d ip y r id y l -
o f  PIatymonas s t i  pi ta ta  Rey 2.
CONCENTRATION DAY 7 DAY 14
_______________________________ ( a l l  values X 1(
co n tro l^  2.11 *  5.23
(2 .02-2 .30) (3 .52-6 .38)
0.01 mM 2.83 5.30
(2 .30-3 .14) (4 .94-5 .90)
0.05 mM 2.38 4.70















# 5J A ll cu ltu res  contained 4.0 X 10 ce lls /m l a t in o cu la tio n . 
Range
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Table X I. The to ta l amount o f ch lo rophy ll per c e ll in  
g ly c e ro l- in h ib ite d  Platymonas s t ip i ta ta  Rey 2 c e lls .
CONCENTRATION___________ DAY__________ pg CHL/CELL
con tro l 7 1.15
14 0.92
21 1.28
0.0025 M 7 2.00
14 1.67
21 0.99
0.025 M 7 0.16
14 0.08
21 0.19




Table X I I .  The to ta l amount o f ch lo roph y ll per c e ll in  
j)-ch lo rom ercu ribenzoa te -inh ib ited  Platymonas s t ip i ta ta  Rey 2 
c e ll s.
CONCENTRATION___________ DAY___________ pg CHL/CELL
contro l 7 0.68
14 0.95
21 0.53
0.0001 mM 7 0.58
14 0.77
21 0.67




Table X I I I .  The to ta l amount o f ch lo rophy ll per c e ll in  
th io p h e n o l- in h ib ite d  Platymonas s t ip i ta ta  Rey 2 c e lls .
CONCENTRATION___________ DAY___________ pg CHL/CELL
contro l 7 0.68
14 0.95
21 0.53
0.0001 mM 7 0.16
14 0.77
21 0.54
0.001 mM 7 0.95
14 0.75
21 0.70




Table XIV. The to ta l amount o f ch lo rophy ll per c e ll in  
o ^ q '-d ip y r id y l- in h ib ite d  Platymonas s t ip i ta ta  Rey 2 c e lls .
CONCENTRATION DAY pg CHL/CELL
contro l 7 1.35
14 1.11
21 0.63
0.01 mM 7 1.10
14 0.72
21 0.32
0.05 mM 7 2.00
14 0.68
21 0.80
